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ABSTRACT  Evidence has  been presented for the possible  transport  function 
of conjugated roach plasma proteins during molting. Extensive changes in these 
proteins are evident during the premolt stage. The remainder of the instar ap- 
pears to be devoted to a  gradual return to the intermolt stage.  This recovery 
process is characterized principally by a  transformation of less mobile lipopro- 
teins: to lipoproteins of higher electrophoretic mobilities and may be indicative 
of a  lipoprotein-lipase reaction in insects.  This transformation also appears  to 
give rise to a  second sex-specific lipoprotein.  Significant changes in the glyco- 
proteins  at  the premolt and  ecdysial stages  may indicate transport  of carbo- 
hydrate for storage or utilization.  A  total of six fractions has  been shown  to 
occur in roach plasma in the period from one molt to the next. 
The process of clotting appeared to be concerned primarily with the blood 
lipoproteins. These protein fractions reacted to form two new lipoproteins, one 
of which  was  the  relatively insoluble  coagulum  network.  The  second  major 
protein fraction  appearing  as  a  result  of the  coagulation  process  also  was  a 
lipoprotein which  contained a  lower concentration of carbohydrate than  the 
clot. A  possible method of assaying or screening new anticoagulants for insect 
blood is proposed. 
The physiological condition of an insect should exert a  profound influence on 
the plasma proteins. Molting, for example may involve not only the transport 
and  synthesis of components of the new cuticle,  but  also  the  degradation'of 
the  old  integument  (Wigglesworth  (1954)).  Clotting  in  the  roach,  with  its 
characteristic  formation  of islands  circumscribed  by  the  hyaline  hemocytes 
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(Gregoire  (1951))  should  also be indicative  of transformations  involving the 
conjugated  proteins  of the  hemolymph.  In  paper  I  (Siakotos  (1960))  the 
composition and electrophoretic properties of the blood of Periplaneta americana 
were described.  These  observations have  been extended  to  the clotting  and 
molting  processes. 
Methods  and  Materials 
Insects  were  segregated  immediately  after  molting  and  pooled plasma  samples  of 
at least twenty nymphs were made at 4 day intervals.  Roaches in the premolt stage 
were selected by observing the appearance of a bluish tint in the eyes about 24 hours 
before the molt (Patton and Flint (1959)). 
Electrophoretic and staining methods and the collection of blood were described 
in detail  in paper  I  of this series.  Coagulated  blood was collected from fifty male 
roaches through  clipped  antennae  into  glass  capillary  tubing.  These samples were 
held at room temperature for 30 minutes to allow complete coagulation. The clotted 
blood was removed from  the  capillary  tubing  by centrifugation  and  the collected 
coagulum was centrifuged a  second time (1000 g) to sediment the remaining hemo- 
cytes and large aggregates of coagulum. Only last instar nymphs were employed in 
the clotting study. 
In the preceding paper the distribution of the various components has been shown 
to be correlated with their respective carrier proteins; also the composition of plasma 
proteins has been presented for normally sampled nymphal blood. Four protein frac- 
tions had been observed in American roach plasma. Two fractions, II and IV, were 
readily identifiable by their phospholipid  and  carbohydrate composition as well as 
their protein distribution.  Fraction  III could be identified by its high neutral  lipid 
and sterol content as well as an asymmetric area on the protein peak of fraction II. 
Fraction  V  possessed  the lowest mobility of the fractions and  contained  only  pro- 
tein.  These differences allow one to follow the various fractions and so furnish  evi- 
dence  as  to  their  active  or  passive  roles  during  physiological  changes  (Fig  7, 
Table  III). 
RESULTS 
Molting  Changes 
PREMOLT  The  premolt  stage  occurred  24  hours  prior  to  the  actual 
shedding  of  the  old cuticle.  At  this  time  major  changes  in  the  blood were 
observable  (Figs.  1 to  5,  premolt).  The most noticeable features of the pre- 
molt  electrophorograms  are  the  very marked  changes  in  the  protein  distri- 
bution  (Fig.  I, Table  I).  Fraction V  has  become very prominent,  increasing 
in concentration to 27 per cent of the total protein. Fraction III, a lipoprotein 
characterized  by the  asymmetric  area  on  the  inner  edge  of fraction  II  in S~AZOTOS  Conjugated  Proteins. II. Changes during Molting and Clotting  xo~7 
0 
/  1  a 
=  /' 
I 
i 
o~ 
~l~uoc]  IOo!ldo 
t 
t 
/I 
c~ 
0 
.~ 
0  o~ 
e~ 
8 
r~ IOI8  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  43  '  I960 
normal nymphs, has disappeared,  but the neutral lipid  band,  characteristic 
of fraction  III,  is  now located in fraction V  (Fig.  2).  Fraction  V  does not 
appear  to  have changed but  along with  the  increase in  protein other con- 
jugated components are evident. The lipoproteins in this stage possess much 
lower mobilities and hence probably contain more lipid than in the normal 
state.  This  premolt  plasma  is  very unstable  and  cannot  be  frozen without 
forming a  precipitate.  This  may be  indicative  of very large  unstable  lipo- 
proteins,  such  as  chylomicrons and  /3-1ipoproteins  (Frazer  (1949)).  Carbo- 
hydrate is distributed over fractions II,  IV,  and V.  It should be noted that 
no carbohydrate was detectable in fraction V  prior to this stage (Fig. 4). 
NYMPHAL ECDYSIS  The  prominence  of  fraction  V  was  characteristic 
of the premolt stage.  One day later during the shedding of the old cuticle, 
TABLE  I 
COMPOSITION  AND  DISTRIBUTION  OF  PREMOLT  PLASMA  FRACTIONS 
Percentage compo~fon 
Fraction  Relative mobility  Protein  Lipid  Phospholipid  Carbohydrate  Sterol 
II  1.0  33.0  --  50.8  34.1  -- 
III  0.74  37.6  --  21.1  48.0  -- 
IV  0.52  26.7  94.5  19.2  14.9  100 
V  0.27  2.6  4.5  9.6  3.9  -- 
V  had nearly merged with fraction IV.  At this stage the protein in fraction 
IV begins to decrease (Fig.  1).  Carbohydrate can no longer be observed in 
fraction V  (Fig.  4).  The  triglyceride and  sterol  peaks  now  possess  relative 
mobilities intermediate to fractions IV and V  (Table II). 
4  DAYS AFTER NYMPHAL MOLT  The  protein  distribution  has  shifted 
toward fraction II  (Fig.  1).  Fraction IV has decreased in relative concentra- 
tion and fraction III has made its reappearance, that is the neutral fat area 
has moved up to the vicinity of fractions II and III  (Fig.  2).  The volume of 
sample  applied  to  these  electrophorograms  was  about  100  /A.,  as  applied 
previously, but the protein concentration has decreased by about two-thirds. 
8  TO  16  DAYS AFTER NYMPHAL MOLT  The  plasma  electrophorogram 
has returned to  the normal or average state.  Fraction  I,  a  new sex-specific 
fraction, first appears  during this period  and contains a  high concentration 
of lipid and sterol  (Table III).  In the preceding paper fraction III also was 
shown  to be  sex-specific  (Siakotos  (1960)).  Fraction  I  is electrophoretically 
more mobile  than  any other fraction.  Note  that  the  protein  concentration 
has returned to approximately the normal level  (Fig.  1). 
ADULT ECDYSIS  These data are similar to those obtained from molting 
nymphs. The triglyceride and sterol again are found in fraction IV. Fraction 
IV is  present in higher concentration than  II  (Fig.  1). SL~KOTOS  Conjugated  Proteins. II. Changes during Molting  and.Clotting  tot 9 
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4  DAYS AFTER ADULT MOLT  The rate of change in protein distribution 
is slower than that of the nymphal recovery (Fig.  1). 4 days after molting the 
TABLE  II 
RELATIVE MOBILITY*  OF PLASMA  PROTEIN 
FRACTIONS  DURING  ECDYSIS 
Fraction  Protein  Lipid  Stcrol 
II  1.0 
IV  0.69  0.62  0.62 
V  0.45 
VI  0.33 
* R.M.  =  mobility relative to fraction II. 
TABLE  III 
ESTIMATED  COMPOSITION*  OF  THE  PLASMA 
AND  SERUM-CONJUGATED PROTEINS  OF THE MALE 
AMERICAN  COCKROACH 
Protein  Lipid  Phcephofipid  Sterol  Carbohydrate  P~ 
Fraction II 
Plasma 
Serum 
Fraction  III 
Plasma 
Serum 
Fraction  IV 
Plasma 
Serum 
Fraction V 
Plasma 
Serum 
Fraction VI 
Plasma 
Serum 
43.6  35.0  94.3  23.0  85.7  1.0 
41.0  8.6  75.0  0  37.3  1.0 
--3.6  --26.4  --19.3  --23.0  --48.4 
21.7  44.1  0  84.9  0  0.82 
21.3  7.1  3.7  0  14.2  0.67 
27.2  27.2  8.0  0  30.8  0.71 
+5.9  +20.1  +4.3  0  +16.6 
3.7  0  0  0  0  0.50 
16.4  27.7  2.4  26.8  7.6  0.47 
+12.7  +27.7  +2.4  +26.8  +7.6 
0  0  0  0  0  0 
15.3  29.3  14.8  55.3  24.4  0.32 
+15.3  +29.3  +14.8  +55.3  +24.4 
* In per cent of total distribution. 
R~  =  mobility relative to fraction II. 
rate  of change is  about  one-half the  rate  of the  nymph.  At  this  stage  the 
neutral lipid possesses a mobility intermediate to fractions IV and III (Fig. 2). 
8 DAYS AFTER ADULT MOLT  This stage corresponds to the 4  day period 
of the nymph (Fig.  1).  The apparent decrease in protein concentration also 
occurs again  at  about  one-half the rate  seen in  the nymphal stage.  In the 
nymphal stage this  decrease in protein concentration occurred 4  days after I02  4  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  43  "  z96o 
the  molt.  The  mobility  of  the  lipid-containing  fraction  is  intermediate  to 
those  of fractions  I  and  II  (Fig.  2). 
12  To  18  OAYS AFTER ~Ur.T  MOWW  The  plasma  proteins  increase 
slightly  12  days  past  molt,  but  decline  thereafter.  On  the  other  hand,  as 
fractions II, III, and IV decline, the new sex-specific lipoprotein (I) increases 
in concentration  (Fig.  1,  Table  IV). 
TABLE  IV 
PROPERTIES  OF PROTEIN  IN FRACTION  I 
Per cent of total  plasma  protein  Reladve  mobility 
Nymph  Females  6.2  1.40 
Males  3.8  1.46 
Adult  Females  19.5  1.30 
Males  4.0  1.27 
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FIGURE 6.  Changes  in  the  relative mobility of the  neutral  lipid fractions  in  roach 
plasma with molting. Solid line with  triangles, nymphal fraction III. Dashed line with 
open  circles,  adult  fraction  III. Dashed  line with  solid  circles, average  adult and 
nymphal  relative mobility of fraction  I.  Right  ordinate, mobility relative to  protein 
in  fraction IL  Left ordinate,  average relative mobility of plasma fractions.  Abscissa, 
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As shown in Fig. 6  the neutral lipid begins the molting cycle as a  lipo- 
protein with a mobility equal to that of fraction V. One day later its mobility 
equals  that  of fraction  IV and  thereafter  the mobility of the neutral  lipid 
fraction equals or slightly exceeds that  of normal fraction  III.  The second 
neutral  lipid  fraction,  I,  maintains  a  steadily  increasing  rate  of migration 
through the entire molting cycle. 
Clotting  Changes 
The  most  noticeable  features  of  serum  (Fig.  8)  as  contrasted  to  plasma 
(Fig.  7) were the marked redistribution of neutral lipid, the appearance of a 
new protein fraction  (fraction VI),  and a  greatly increased fraction V  con- 
centration.  Table  III  shows  that  fraction  II  decreased  in  protein  to  41.0 
per cent, neutral lipid decreased to 8.6 per cent, phospholipid to 75 per cent, 
sterol to zero, and carbohydrate decreased to 37.3 per cent of the total pro- 
tein-bound carbohydrate. Thus all components of fraction II were found to 
have decreased after coagulation. Fraction III was not observed in coagulated 
blood  and the neutral lipid,  characteristic  of this protein fraction,  appears 
to have been distributed over fractions IV, V, and VI.  Significant increases 
were observed in the neutral lipid and carbohydrate composition of the fourth 
protein  fraction  (Table  III).  Significant  increases  were  observed  in  all 
components of fraction V,  especially in neutral lipid and sterol.  Both these 
materials increased 25 per cent of the normal composition. 
DISCUSSION 
The most obvious change  associated with molting is  the increased electro- 
phoretic migration of the neutral lipid component from fraction V  to fraction 
IV which takes place during the 24 hours between premolt and molt stages 
(Table V, Fig. 6). This change in mobility is from 0.52 24 hours before molting 
to 0.68 at the time of molting. 8  days after the molt the relative mobility has 
increased to  1.03  and at  16 days decreased to 0.87 in nymphs but remained 
at  1.02 for adults. Therefore at the approach of the next molt the mobility of 
nymphal fraction III decreases  (Fig.  6,  16 days)  whereas the adult fraction 
III mobility remains unchanged, presumably because these insects will not 
molt again. In contrast the mobility of fraction I  (Fig. 6) appears to increase 
at a  slower rate. This second lipoprotein, also sex-specific, makes :its appear- 
ance  at  8  days.  There  are  several  possible explanations for  this  increased 
lipoprotein mobility: the electrophoretic properties of the lipoproteins may 
be changing so that the protein is binding an increasing number of ions, or 
the liquid material might be migrating at an increased rate due to a decrease 
in the size of the lipoprotein particles (Fredrickson and Goodman (1958)). ~o28  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  43  "  I960 
TABLE  V 
THE  MOBILITY  OF  NEUTRAL  LIPID 
COMPONENT  OF  THE  LIPOPROTEINS  OF  ROACH  PLASMA 
BEFORE  AND  AFTER  MOLTING 
Rdative  mobility 
Nymphal molt  Final molt  Associated  plasma fractions 
Premolt  0.52  0,52  V 
Ecdysis  0.68  0.70  IV 
After molt:  4  days  1.01  0.93  III 
8  days  1.03  1.00  III 
12 days  0.94  1.06  III 
16  days  0.87  1.03  III 
Nymphal molt  Final molt  Average 
Fraction I 
Premolt  --  --  -- 
Ecdysis  1.29  1.28  1.29 
After molt:  4  days  --  --  -- 
8  days  1.39  1.19  1.29 
12  days  1.97  1.44  1.31 
16  days  1.35  1.29  1.32 
In  this  study  the  large  lipid  particles  were  removed by  centrifugation, 
hence increases  in  mobility occur  only in  the  small  chylomicron or  lipo- 
protein fractions. A lipoprotein lipase similar to that which occurs in human 
plasma  (Korn  (1955))  may bring about  the decrease in particle size.  This 
process would increase  the  mobility of the  lipoproteins by  decreasing the 
protein-bound lipid. In vertebrates the lipoprotein-lipase reaction is thought 
to occur as follows :-- 
Triglyceride  [' 
non-enzymatic 
¢x-lipoproteins ~------~---~ Fattyacids---~- Albumin 
[  liiase  Glycerol  p  -v  [ 
lipoprotein 
Chylomicrons  ~  Tissues 
and/or 
~-lipoproteins 
The data  in Table  V  and  Fig.  6  suggest that  such  a  lipoprotein-lipase 
reaction may occur in cockroach blood. The free fatty acids liberated during a 
lipoprotein-lipase reaction can  account for  the  appearance  and  high  mo- 
bility of fraction I  by the binding of these free fatty acids to fraction I.  In 
human plasma the binding of fatty acid salts  by proteins also leads to an 
increased rate of migration (Ballon, Boyer, Luck (1955) ; Gordon (1955)). 
In the roach this process is proposed to occur in the following manner: SIAKOTOS  Conjugated  Proteins. IL Changes during Molting and Clotting  IO2 9 
Triglyeeride  Fra[ction ?  *--~--*  Fatty acids  I 
[  .  !  "lipoprotein  +  --~ 
lipase"  Glycerol 
Chylomicrons  --~ V -* IV ~  III ~I  Tissues 
During the molting process  a  marked  change also occurs in  the plasma 
glycoprotein. During the premolt stage,  a new glycoprotein appears, fraction 
V.  On  molting,  24 hours later this  glycoprotein has  disappeared.  Fraction 
IV  exhibits  a  decrease in  the  relative  carbohydrate  distribution  from  the 
premolt period to about 8  days after molting. The principal difference be- 
tween the premolt stage and the molt stage is that during the premolt period 
the old  cuticle is  being digested  and  resorbed.  Fraction  V  may represent 
these  absorbed  carbohydrate  materials  in  the  premolt  stage.  The relative 
instability of this plasma further supports the idea that there  also are rapid 
histolytic changes taking place resulting in the appearance of large unstable 
lipoproteins  or  lipid  particles.  The  changes  which  occur  in  fraction  IV 
following the premolt stage may be significant in the continuing production 
and deposition of new integument. This process proceeds for some time after 
molting (Wigglesworth (1954)).  It is also possible  that the assimilated pro- 
ducts from the old cuticle are taken up by the epidermal cells to be used in 
the new integument and the gradual decrease in fraction IV may reflect a 
form of transport to the epidermal cells or to some other site. 
The decrease in protein concentration observed 4  to 8  days after ecdysis 
resembles that reported by Ludwig (1954)  for blood of the Japanese beetle. 
This postecdysial stage also may be correlated with the histolysis of certain 
muscles in another insect, Rhodnius, which takes place 3 to 4 days after molting 
(Wigglesworth  (1957)).  The recovery changes occur about  half as  rapidly 
in the adult as in the nymphs, and the only apparent difference between the 
adult and the nymphal stages after ecdysis is a  larger increase in fraction I 
in the adult insects.  Since fraction I  appears to be sex-specific, at least two 
sex-specific lipoproteins are found in the roach, fractions I  and III. 
The lipoproteins of plasma appear to be involved in the clotting reactions 
of roach blood. The relative contribution of blood cells and plasma cannot 
be  directly  obtained  from  these  results.  However,  the  disappearance  of 
fraction III and the appearance of several other lipoproteins of lower electro- 
phoretic mobility indicate that lipoproteins play a major role in these changes. 
Moreover,  the  increases  exhibited  by  protein  of fractions  IV  and  V  are 
indicative of plasma protein involvement. The exact role of the blood cells 
in coagulation must  await  further  study.  Since clotting results  in  fraction 
VIs  1 and a  large increase in fraction V,  then the process of clotting can be 
followed by measuring the rate of increase of fractions V  and VIs. 
t The designation of fraction VI (premolt) and VIs (serum) does not imply a direct relation between 
the two components. io3o  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  43  "  I96O 
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